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ONE OF THE REASONS FOR THE ASYMMETRY OF THE 
LUNAR SHAPE 

(1) S. M. Grigor'yev 

ABSTRACT. The photography of t he  o t h e r  s i d e  of t h e  
Moon, which w a s  f i r s t  performed by t h e  Soviet  Automatic 
In t e rp l ane ta ry  S ta t ion  "Luna-3" r evea l s  t h e  g r e a t  d i f f e r -  
ence between t h e  shape of t h e  v i s i b l e  s i d e  of t h e  Moon 
and t h e  s i d e  turned away from us. The reason f o r  t h i s  
d i f f e rence  is  s t i l l  a puzzle t o  us. 
assumed t h a t  t h e  asymmetrical form r e s u l t s  from t h e  
prolonged s t r u c t u r a l  development of t h e  n a t u r a l  sa te l l i t e  
of t h e  Earth. There w i l l  probably be  many explanations 
f o r  t h i s .  I n  t h i s  a r t i c l e ,  t h e  author .proposes dis- 
s i m i l a r  conditions f o r  vo lcanic  a c t i v i t y  on t h e  v i s i b l e  
and reverse s i d e s  of t he  Moon. This explanation i s  
promising. However, i t  must be kept i m  mind t h a t  t h e  
author 'has developed a concept .about t h e  mechanism 
f o r  t h e  ac t ion  of v<.olcanos which cannot be uncondition- 
a l l y  assumed e i t h e r  f o r  t h e  Earth o r  f o r  t h e  Moon. 
The e d i t o r s  hope t h a t  t h i s  ar t ic le  w i l l  provoke some 
d i scuss  ion. 

However, i t  may be 

- 1  

We now know t h a t  t h e  Lunar seas are pr imar i ly  1ocated.on t h e  v i s i b l e  s i d e  /90* 

of t h e  Moon, and are almost completely absent on t h e  o the r  s i d e  of t h e  Moon. 

Therefore, i t  is  worthwhile t o  d i r e c t  our a t t e n t i o n  only t o  t h e  concept f o r  

t h e o r i g i n  of c i rques ,  craters, and o the r  f e a t u r e s ,  of t h e  Lunar r e l e i f  which 

may expla in  t h e  asymmetry of t h e  Moon. 

I 

Exis t ing  hypotheses regarding t h e  o r i g i n  of t h e  Moon explain t h e  na tu re  _- of ~ 

._ 

its. shape e i t h e r  by i n t e n s e  t e c t o n i c  processes which t o  lead  t o  subsequent 

co l l apse  of s ec t ions  of t h e  l u n a r  sur face ,  o r  by t h e  impacts of enormous 

* Numbers i n  margin i n d i c a t e  pagination i n  t h e  originals fore ign  text. 

Doctor of Technical Sciences, I n s t i t u t e  of Mineral Fuels,  Moscow. 



meteor i tes ,  comets, o r  p lane t i s imals  which l ead  t o  vaporizaTion and d ispers ion  

of t h e  luna r  su r face ,  with subsequent e r rup t ion  of lava from t h e  depths of t h e  

Moon. 

. 

The problem of why one s i d e  of Moon is  cons tan t ly  turned towards t h e  

Ear th  has s t i l l  been f a r  from c l a r i f i e d .  It i s  usua l ly  assumed t h a t  t h e  luna r  

rate of r o t a t i o n s  around i t s  axis was previously l a r g e r ,  and t h a t  t h e  Moon was  

c l o s e r  t o  t h e  Earth. Consequently, t h e  o r b i t a l  period of t h e  Moon around t h e  

Ear th  w a s  sho r t e r .  (2) One indisputab le  reason f o r  t h e  cons tan t ly  v i s i b l e  s i d e  

of t h e  Moon is  t h a t  a t i d a l  wave slowed down i t s  r o t a t i o n ,  which w a s  produced 

by t h e  a t t r a c t i o n  of t h e  Moon by t h e  Earth and t h e  Sun. 

l u n a r  period of r o t a t i o n ,  caused by t h i s  t i d a l  wave, and a l s o  t h e  increase  i n  

t h e  luna r  o r b i t a l  period must have l e d  t o  t h e i r  s i m i l a r  dura t ion ,  i.e., t o  

a s i d e  of t h e  Moon cons tan t ly  turned toward t h e  Earth. 

e x p l i c i t  and uniform connection between t h e  causes of seas on t h e  lunar 

su r face ,  and t h e  causes of a change i n  t h e  r o t a t i o n  rate and o r b i t a l  rate 

of t h e  Moon. 

The inc rease  i n  the 

However, t h e r e  is no 

- 

Large cosmic bodies which can produce about 20 enormous seas impacting 

on t h e  Moon can inf luence  t h e  rate of r o t a t i o n  of t h e  Moon and i t s  o r b i t a l  

period. However, i n  order t o  s t i p u l a t e  t h a t  t h e  s i m i l a r i t y  between t h e  ro ta t ion-  

a l  periods and t h e  o r b i t a l  periods of t h e  Moon is  only r e s u l t  of t h e  occurence 

of seas, w e  must completely exclude t h e  case of 15 - 20 cosmic bodies (such as 

p lane t i s ima l s  o r  comets)impacting on t h e  same s i d e  of t h e  Moon. 

would form seas and would slow t h e  r o t a t i o n  of t h e  Moon t o  t h e  ex ten t  t h a t  

i ts period of r o t a t i o n  would coincide with t h e  o r b i t a l  period. 

improbable. 

These bodies 

This is very 

It i s  more v a l i d  t o  assume t h a t  t h e  l u n a r  seas were formed a t  its o r i g i n ,  

namely,that t he  s i d e  where they are loca ted  w a s  always turned toward t h e  Earth. 

I n  t h i s  case, t h e  cause of t h e  cons tan t ly  v i s i b l e  s i d e  of t h e  Moon is a n a t u r a l  

one, and a r e s u l t  of t i d a l  deceleration..  The period, of . . t ime. . tha t  t h e  v i s i b l e  

(2) Pr i roda ,  No, 4,  1968, pp. 24-38. 

. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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and nonvis ib le  s i d e s  have been i n  ex is tence  w i l l  only be  t h e  e s s e n t i a l  and 

important f e a t u r e  i n  t h e  formation of a v a r i e t y  of s t r u c t u r a l  elements on t..e 

Photograph of t h e  "Eastern" Basin discovered on t h e  o t h e r  s i d e  of t h e  Moon. 
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Comparative dimensions of t h e  he ight  and diameter of t h e  
volcanic  e rupt ions  under conditions on t h e  Earth ( l e f t )  
and on t h e  Moon ( r igh t ) .  

( 3) of time a However, t h i s  is  incompatible with t h e  hypothesis of t h e i r  

me teo r i t e  o r i g i n  only on t h e  v i s i b l e  s ide .  - 27 days and t h e  impact of me teo r i t e s ' on  same s i d e  of even a slowly r o t a t i n g  

Moon is  very improbable. 

e rupt ions  o r  o the r  phenomena leading t o  a change i n  t h e  chemical composition 

and phys ica l  p rope r t i e s  of rocks comprising t h e  c r u s t  of t h e  Moon, then  t h e r e  

The Moon makes one revolu t ion  every 

I f  we assume t h a t  t h e  seas are due t o  volcanic  

i s  no cont rad ic t ion  i n  t h e  occurrenceof such processes only on t h e  v i s i b l e  

s i d e  i n  p r inc ip l e .  I n  t h i s  case, t h e  question is  only whether t h e r e  are,on 

t h e  v i s i b l e  s i d e  of t h e  Moon,features which are necessary and s u f f i c i e n t  t o  

produce t h e  predominantoccurrenceof seas ,c i rques ,  and craters as a r e s u l t  of 

~ 

(3) The d i f f e r i n g  degree of preserva t ion  i n d i c a t e s  t h i s  (A. V. Rhabakov, 
1949). 
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volcanic  a c t i v i t y .  

must be noted. 

Two important f e a t u r e s  of t h e  v i s i b l e  &de of t h e  Moon 

One of t hese  f ea tu res  i s  t h a t  t h e  v i s i b l e  s i d e  throughout t h e  Lunar n i g h t  

(13 terrestrial  days) is i l lumina ted  by t h e  Earth,  which i l lumina tes  t h e  Lunar 
sky i n  t h e  same way t h a t  about 80 Moons would i l l umina te  t h e  Earth 's  sky. 

This  f e a t u r e  produces much more favorable conditions f o r  theoccurrence and 

ex i s t ence  of t h e  simplest  form of l i f e  on t h e  Moon. 

microbiological l i f e  o r  traces of i t  on t h e  Moon i s  no t  solved, bu t  i f  they 

do exist , we must then recall t h e  words of t h e  Soviet  s c i e n t i s t  V. I. 

,Vernadskiy, who wrote: "The e n t i r e  ex is tence  of t h e  Ea r th ' s  c r u s t ,  a t  least 

99% of i t s  m a s s  by weight, depends on l i f e  processes,  i n  terms of i t s  fea tu res  

which are important from t h e  geochemical po in t  of view". 

The question of 

The second f e a t u r e  of t h e  v i s i b l e  s i d e  of t h e  Moon is  c l ea re r .  This 

c o n s i s t s  of t h e  f a c t  t h a t  t h e E a r t h ' s a t t r a c t i o n  is  always d i r ec t ed  only 

twoard t h e  v i s i b l e  s i d e ,  decreasing t h e  attractive f o r c e  on it .  This decrease 

is  most no t i cab le  a t  perigee,  when t h e  d i s t ance  t o  t h e  Moon i s  t h e  least, and 

a l s o  during t h e  f u l l  Moon, when the  a t t r a c t i o n  of t h e  Ear th  and t h e  Sun act 

concurrently. The English astronomer Kopal (1963) has c a l l e d  a t t e n t i o n  t o  the- - 

d i f f e rence  i n  t h e  t o t a l  g r a v i t a t i o n  and t h e  cr i t ical  escape ve loc i ty  of gas 

molecules l o s t  by t h e  Moon, which is  dependent on t h i s .  

I n  inves t fga t ing  t h e  problem of t h e  dependence of t h e  c r i t i ca l  v e l o c i t i e s  

a t  which gas molecules leave t h e  Moon, on t h e  p o s i t i o n  of t h e  Moon with 

r e spec t  t o  t h e  Earth and t h e  Sun, Kopal showed t h a t  t h e  c r i t i ca l  v e l o c i t y  Vk, 
which must equal V 

f o r c e  and a t t r a c t i o n  of t h e  Earth and t h e  Sun, is  N 2380 in/sec ( f o r  a r ad ius  

of R = 1738 km and g = 1.62 F /sec  ). Kopal assumed t h a t  t h e  closeness of the 

Ear th  and t h e  similar d i r e c t i o n  of the fo rces  of a t t r a c t i o n  of t h e  S u n  and t h e  

= a without allowance f o r  t h e  inf luence  of  c e n t i f i g a l  k 

2 

Ear th  during t h e  f u l l  Moon decreased t h e  cr i t ical  v e l o c i t y  t o  2204 m/sec. - /93 
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i 1 I 2 0 o o c  I I 
1 .  I - 1  

Conrad surface , 

Diagram f o r  t h e  formation of a drainage mantle: 1 - ascending 
motion of water: vapor fromtheisothermalsurface of water 
(374°C); 2 - decending motion -of l i q u i d  water so lu t ions  
from t h e j s o t h e r m a l s u r f a c e  of water (374OC) t o  the isothermal 

su r face  of water so lu t ions  (45OOC). 

"Consequently", writes Kopal, "changes i n  t h e  c r i t i ca l  ve loc i ty  may b e  extimated, 

b u t  t h e  r e s u l t s  ( i f  they exist i n  general)  of s a i d  changes are s t i l l  unknown". (4) 

I n  discussing these  very important d i f f e rences  i n  t h e  cr i t ical  ve loc i ty ,  

t h i s  s c i e n t i s t  d id  no t  n o t e  t h a t  they 

s i d e s  of t h e  Moon, because t h e  terrestrial g r a v i t a t i o n  always decreases t h e  

f o r c e  of g r a v i t y  on t h e  v i s i b l e  s i d e ,  and increases  it on t h e  oppos i te  s ide .  

The s o l a r  g r a v i t y  ac t ing  concurrently wi th  t h e  terrestrial g rav i ty  

t h e  f u l l  Moon phase, a l s o  decreases t h e  f o r c e  of g r a v i t y  on t h e  Moon on 

t h e  v i s i b l e  s ide .  I n  our opin ion ,  t h i s  d i s t i n c t i v e  f e a t u r e  of t h e  v i s i b l e  

are c h a r a c t e r i s t i c  f o r  d i f f e r e n t  

only during 

. . .  

(4) 2. Kopal, The Moon, Foreign L i t e r a t u r e  Pul i sh ing  House, 1963, p.  14. 
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s i d e  of t h e  Moon may be used t o  expla in  t h e  asymmetry of t h e  luna r  shape. 
I 

It i s  usua l ly  assumed t h a t  Volcanism i s  connected with lava r i s i n g  from 

t h e  depths o r  with t h e  change of s o l i d  rocks t o  a l i q u i d  state due t o  a pressure  

decrease. 

f o r c e  of g r a v i t y  on t h e  v i s i b l e  s i d e  of t h e  Moon, discharge of gases and lava 

on t h e  v i s i b l e  s i d e  are more probable, However, t h e  simple discharge of 

melted lava cannot expla in  t h e  formation of c i rques  having a diameter g r e a t e r  

than 200 km i n  t h e  case of a very low c i rque  e leva t ion .  

It may n a t u r a l l y  be  expected t h a t ,  i f  t h e r e  is a decrease i n  t h e  

I n  my opinion, t h e  cause of vo lcanic  a c t i v i t y  may be  found i n  t h e  for- 

mation of high temperature so lu t ions  of mineral  substances i n  t h e  depths of 

t h e  luna r  c rus t .  The so lu t ions  of mineral  substances are formed due t o  a 

constant vertical  c i r c u l a t i o n  of water, which rises i n  a s u p e r c r i t i c a l  vaporous 

state from t h e  i n t e r i o r  t o  t h e  isothermal su r face  of i ts  c r i t i c a l  s tate (374.15OC). 

The vapors condence here ,  and form l i q u i d  so lu t ions  of mineral  substances. 

Since 

isotherm -45OoC, where, changing i n t o  vapor, they leave  t h e  mineral  substances 

d isso lved  i n  them, cementing and s o l i d i f y i n g  t h e  rocks of t h e  lower l a y e r s .  

A s  a r e s u l t  of prolonged and constant c i r c u l a t i o n  of water, there must b e  an 

abrupt change i n  t h e  chemical and minera logica l  composition and phys ica l  

p rope r t i e s  of t h e  rocks. 

these  so lu t ions  have higher cr i t ical  temperatures, they descend t o  t h e  

Under t h e  conditions of t h e  Ear th ' s  c r u s t ,  a sharp change is  produced i n  

t h e  same way, which is  c a l l e d  t h e  Mokhorovichich Divide. 

c i r c u l a t i o n ,  a second c h a r a c t e r i s t i c  boundary is  a l s o  produced - t h e  Conrad 

Boundary, above which t h e  rocks i n  t h e  Ea r th ' s  crust are r i c h  i n  s i l i ca  and 

As a result of vertical 

r ad ioac t ive  substances.  

t h e  f a c t  t h a t  s i l ica ,  which i s  v o l a t i l e  wi th  vapor, s epa ra t e s  out of t h e  374OC 

isotherm, where water vapor condenses. 

t hese  two mantles becomes more f r ac tu red ,  porous, and permeable due t o  t h e  

constant vertical  c i r c u l a t i o n  of water so lu t ions .  

a drainage mantle, because its permeabili ty makes poss ib l e  ho r i zon ta l  displac- 

ments of s o l u t i o n s  from sec t ions  of the c r u s t  wi th  increased  h y d r o s t a t i c  

The occurrence of t h i s  boundary may be  explained by 

The l a y e r s  of rocks ly ing  between 

This  mantle may be  c a l l e d  /94 
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pressure  where t h e  pressure  is  lower. The lowerboundaryof t h i s  mantle 

under t h e c o n t i n e n t s l i e s  a t  a depth of 37 km, and above t h e  oceans - at  a depth 

of 7 km. Under t h e  conditions on t h e  Moon, such a mantle m u s t  a l s o  e x i s t  wi th  

a temperature of 374 - 450°C. 

temperaturesmay beencountered i n  t h e  depths of t he  Mom a t  a depth which is  

5-6 

performed a t  t h e  S c i e n t i f i c  Research Radiophysical I n s t i t u t e  under t h e  leader- 

sh ip  of V. s. Tro i t sk iy  l e f t  no doubt t h a t  t h e r e  are temperature conditions 

i n  t h e  c r u s t  of t h e  Moon which are c l o s e  t o  those e x i s t i n g  i n  the  depths of t h e  

Earth. Based on these  measureemnts, i n  t h e  depths of t h e  Moon t h e  temperature 

is  1000°C a t  a depth of 50 km. The thermal f l u x  of t h e  Moon equals t h a t  of t h e  

Earth. This means t h a t  t h e  lower boundary of t h e  drainage m a n t l e  , i n  t h e  c r u s t  

of t h e  Moon may l i e  a t  about 25 km, whereas t h e  upper mantle may l i e  (t = 374OC) _ _  -- 

a t  a depth of -15 km. 

It has r ecen t ly  been assumed t h a t  t hese  

t i m e s  g r e a t e r  than i n  t h e  depths of t h e  Earth. However, measurements 

- -I 

The presence of t h e  mantle, whose complex system of cavities is f i l l e d  

wi th  s u p e r c r i t i c a l  vapors and l i q u i d  so lu t ions  of mineral  substances ( w i t h  a 

c r i t i ca l  temperature between 374 - 450°C and a c r i t i c a l  p ressure  of 225 a t m )  

f o r  pure water ) may f u l l y  

traces are s o  d iverse  on t h e  Lunar surface.  Each outburs t  of hot s o l u t i o n s  

thruogh t h e  l u n a r  c r u s t  w i l l  l ead  t o  e r rup t ion  of water vapors and so lu t ions .  

From t h e  l a t t e r , m i n e r a l  substances contained i n  t h e  so lu t ions  w i l l  f a l l  on 

t h e  luna r  su r face  i n  t h e  form of ashes due t o  a sharp reduction i n  temperature 

and pressure.  Craters and c i rques  w i l l  thus  be formed. ' However, i n  order  t h a t  

t h e  vapors may emerge from t h e d e p t h s , t h e y  must overcome t h e  r e s i s t a n c e  of 

l i q u i d  so lu t ions  which f i l l  t h e  systems of cracks combining t h e  drainage mantle 

wi th  t h e  h n a r  sur face .  

expla in  t h e  i n t e n s e  volcanic  a c t i v i t y ,  whose 

The hydros t a t i c  pressure  of a column of l i q u i d ,  15 km 

high, equals 1.5  thousand atmospheres under conditions of t h e E a r t h ' s c r u s t .  

It comprises 250 atmospheres i n  t h e  Lunar c r u s t ,  i.e., it is  6 times less. 

Therefore, vo lcanic  e rupt ions ,  i.e., e rupt ions  of vapors, gases,  and minera l  

subs tancesdisso lved  i n  t h e m ,  can t ake  p l ace  

system of cracks lead ing  t o  t h e  drainage mantle. Each reduction i n  t h e  

weight of t h e  column of l i q u i d  blocking t h e  outflow of vapors t o  t h e  s u r f a c e  

m u s t  con t r ibu te  t o  t h e  ou tbur s t  of s o l u t i o n s  from the drainage m a n t l e ,  

during t h e  formation of any 
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Therefore, 

Moon. During the  f u l l  Moon, t he  weight of t h e  l i q u i d  column decreases,  and 

becomes surmountable f o r  a pressure  of 225 atmospheres produced by water a t  

a c r i t i ca l  temperature. 

vo lcanic  a c t i v i t y  must be more in t ense  on t h e  v i s i b l e  s i d e  of t h e  

When comparing t h e  dimensions of c r a t e r s  formed during volcanic  e rupt ions  

on  the  Earth and t h e  Moon, where enormous c i rques  are loca ted ,  w e  must con- 

elude t h a t  a t t r a c t i o n  on t h e  Moon i s  s i x  t i m e s  less than on the  Earth,  and - 

t h a t  t h e r e  is no atmosphere on the  Moon. Both of t hese  f a c t o r s  can con t r ibu te  

t o  t h e  e j e c t i o n  of a l a r g e  amount of material from Lunar craters and t o  t h e  

g r e a t  he ight  of t hese  e j ec t ions .  

I n  order t o  expla in  t h e  volcanic  e rupt ions  which can form p a r t i c u l a r l y  

large. cirques o r  even l u n a r  seas, the  drainage mantle must have a permeabili ty 

such tha t  cons tan t ly  new masses of s o l u t i o n s  e n t e r  t h e  mouth of t h e  volcano 

during t h e  e rupt ion .  

on a s e c t i o n  of t h e  ensuing sea i s  necessary. Since the  fo rce  of g r a v i t y  

decreases s i g n i f i c a n t l y  pr imar i ly  on t h e  v i s i b l e  s i d e  of the  Moon, i t  is  

n a t u r a l  t o  conclude t h a t  t h e  predominant formation of seas is  poss ib l e  on t h e  

v i s i b l e  s i d e  due t o  t h e  "simultaneous" e rupt ion  of many volcanos 

t o  t h i s ,  

than on t h e  v i s i b l e  s i d e ,  vo lcanic  a c t i v i t y  may take p lace  much less frequently.  

Since volcanic  e rupt ions  are only poss ib l e  at  high pressures ,  making i t  

poss ib l e  t o  overcome high r e s i s t ance ,  these  e rupt ions  must be  more in tense .  

Therefore, t h e  average s i z e  of craters and t h e  max imum diameters of c i rques  

on t h e  o the r  s i d e  of t h e  Moonmay bemuch g r e a t e r  than on t h e  v i s i b l e  s ide .  

I n  addi t ion ,  t h e  "simultaneous" a c t i o n  of many volcanos 

I n  c o n t r a s t  

on t h e  f a r  s i d e  of t h e  Moon, where t h e  g r a v i t y  is  always g r e a t e r  

This hypothesis i s  confirmed, f o r  example, by a composite c i rque  shown 

on one of t h e  photographs taken by t h e  satell i te "Lunar Orbi te r  - I V "  on May 

5, J.967. 
range between 400 - 1000 km. 

elements of t h e  c i rques ,  t h e  mountain r idges ,  canyons, and hollows of t h i s  

immensebasin, i t  is apparent t h a t  it w a s  formed r ecen t ly  and has  ba re ly  been 

It c o n s i s t s  of ' 3  - 4 c i rques  arranged concen t r i ca l ly ,  whose diameters 

Based on t h e  sharpness and d i s t i n c t n e s s  Of 

- .  - . . . . .  . .. 

9 



erroded. ' I t  w a s  apparently formed due t o  several consecutive, enormous 

e rupt ions  of one and t h e  same c r a t e r .  

Translated f o r  National Aeronautics and Space Administration under Contract No. 

NASw 2035, by SCITRAN, P. 0. Box 5456, Santa Barbara, Cal i forn ia ,  93103. 
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